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1. INTRODUCTION

This contract covered the period April 1, 1988 to March 31, 1991. The participating
scientific personnel included two faculty members and seven Ph.D. students. All of the
students completed a Ph.D. in Operations Research, four also earned an M.S. in
Operations Research, and two earned an M.S. in Statistics.

The main thrust of our research has been in developing new methods for analyzing
the output from computer simulations. The technical work can be divided into three
areas: simulation output analysis, variance reduction, stochastic optimization, and
generalized semi-Markov processes. Below we mention some of the most important

results in each area.

2. SIMULATION OUTPUT ANALYSIS

The initial bias problem arises in the context of estimating steady-state parameters
of a system because initial conditions for the simulation are atypical of the steady-state.
Technical Reports 26, 50, 51, 59, and 62 contain new methods and insights for handling
initial bias. Technical Reports 50, 51 analyze the consequences of deleting an initial
portion of the simulation, while Technical Report 62 develops a method for parallel
simulation using non-linear regression. A new low-bias steady-state estimators for
equilibrium processes is developed in [25]. Steady-state estimators, such as ratio
estimators which arise in regenerative simulation, are normally-biased (although
asymptotically unbiased). The idea in [25] is to estimate the first-order bias term from
the simulation data and then subtract it from the classical estimator to obtain the low-
bias estimate.

The use of parallel computing environments to carry out simulations is in its
infancy. Technical Report 56 develops a procedure for carrying out such simulations
under a completion time constraint.

Standardized time series is a new approach to the steady-state simulation problem
that exploits the machinery of weak convergence of stochastic processes. In [19] we
develop a mathematical framework for rigorously analyzing standardized time series.
Extensions of standardized time series to a multivariate setting will be forthcoming in a

subsequent technical report.

3. VARIANCE REDUCTION TECHNIQUES
Variance reduction techniques (VRT's) aim to increase the efficiency of computer

simulation and thus lie at the core of simulation methodology. Importance sampling is a
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classical VRT in the setting of independent, identically distributed random variables. In
[16] importance sampling is extended to cover stochastic simulations, in particular
discrete and continuous Markov chains, semi-Markov processes, and generalized semi-
Markov processes. Technical Reports 39, 53, and 65 apply importance sampling ideas for
the simulation of rare events which arise in highly dependable systems. The idea here is
to force the rare events to occur more frequently by using a “change of measure” in the
simulation. Of course, to estimate the original probability of the rare event one needs to
compensate for the change of measure and this involves using likelihood rations.

The problem of estimating the expected infinite-horizon discounted cost from
running a stochastic system is studied in [15]. By exploiting stochastic structure

estimators are constructed that exhibit smaller variances.

4. STOCHASTIC OPTIMIZATION VIA SIMULATION

Traditionally, it has been difficult to apply simulation in conjunction with
optimization routines. A major problem has centered on the fact that naive simulation
does a (very) poor job of estimating derivatives. Good derivative evaluations are,
however, critical to most efficient optimization routines.

An active area of research in the last five years is developing efficient estimators for
the gradient of the steady-state system performance as a function of system parameters.
The two principal methods proposed are likelihood ration and perturbation analysis.
Technical Reports 27, 32, 41, and 54 contain a thorough discussion of these methods
plus new results on several aspects of this problem. Gradient estimation for highly
dependable systems is developed in Technical Report 65.

Gradient estimates permit the simulator to use methods of stochastic
approximation type to optimize the system under study. Technical Reports 31, 43, and
63 contain results on the use of stochastic approximation techniques for the

optimization of systems.

5. GENERALIZED SEMI-MARKOV PROCESSES

Modeling complex stochastic systems which are non-Markovian is a difficult task.
One of the most promising environments in which to carry out this modeling is
generalized semi-Markov processes (GSMP’s). GSMP’s handle non-Markovian events by
keeping track of the clock times until such events occur. In this sense GSMP’s
incorporate the old idea of supplementary variables. A GSMP formalism for modeling

discrete-events systems is contained in {12]. Application of GSMP’s to queueing systems
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is discussed in [6].
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